Different treatments were applied to Campylobacter jejuni-inoculated unpasteurized milk to identify means of enhancing the survival of the organism in refrigerated (4°C) samples. The greatest survival occurred in milk supplemented with 0.01% sodium bisulfite and held under an atmosphere of 100% nitrogen (bisulfite-nitrogen), in most instances allowing isolation of C. jejiuni from highly contaminated milk 15 or more days longer than from unsupplemented milk held in air (21% oxygen). Although a larger amount of Campylobacter was consistently recovered from milk treated with bisulfite-nitrogen, similar isolation rates (qualitative) resulted from milk stored in air and supplemented with 0.01% sodium bisulfite and 0.15% sodium thioglycolate when analyzed within 12 days after sampling. Milk samples to be transported and assayed at a later date would best be held refrigerated (4°C) and supplemented with 0.01% sodium bisulfite and either 0.15% sodium thioglycolate or an atmosphere of 100% nitrogen.
Many outbreaks of Campylobacter enteritis have been associated with consumption of unpasteurized milk (2, 10, 11, 14-16, 20, 21) ; however, seldom has Campylobacter jejuni been isolated from implicated milk samples. It may be that, because C. jejuni is not a hardy organism, the pathogen died during storage. Indeed, C. jejuni is sensitive to heat, i.e., pasteurization (3); oxygen (7) (8) (9) , dehydration (6) , acid pH (3), freezing (19) , and the environment of unpasteurized milk (4) . Furthermore, extended exposure to room temperature (25°C) is bactericidal to the organism, even when other factors such as oxygen concentration and pH are optimal for the survival of Campylobacter (12) . Hence, it is important to define conditions needed to properly handle and store food samples to be assayed for Campylobacter. This information would be useful in designing a milieu for promoting the survival of the organism and enhancing its isolation from foods. Koidis and Doyle (12) have shown that storing C. jejuni at 4°C in an oxygen-free (100% nitrogen) medium containing 0.01% sodium bisulfite enhances survival 10 times longer than holding the organism in a bisulfite-free medium exposed to air at 25°C. The purpose of this study was to identify conditions that would be practically useful for promoting survival of Campylobacter in unpasteurized milk samples to be assayed for the organism after storage.
MATERIALS AND METHODS
Bacterial strains. Twenty-seven Campylobacter sp. strains from different sources were used. Strains FRI-CF3, 6 , and 8, and ATCC 29428 were human isolates. Strain FRI-CF74C was isolated from a laying hen. Strains FRI-CF142B, 145B, 206, 207, 208, 211, 212, 214, 217, 218, 219, 220, 221, 222, 223, 224, 226, 227 , and 228 were obtained from anal swabs or fecal specimens of milk cows. Strain FRI-CF301 was isolated from a raw milk sample (farm bulk tank). All of these strains were C. jejuni (17, 18 After receipt or isolation, cultures were subcultured once, then frozen in skim milk and held at -70'C until required.
Preparation of inoculum. Campylobacter inocula were prepared by using conditions described by Doyle and Roman (5).
Survival studies. Two different approaches were taken to studying the survival characteristics of C. jejuni under different conditions. The first involved studying the effects of an atmosphere of nitrogen or air on the survival of the organism in agitated brucella broth (BB) or unpasteurized milk containing no or 0.01% (wt/vol) sodium bisulfite. BB was specifically formulated as follows (grams per liter): tryptone (Difco), 10; Bacto-Peptone, 10; yeast extract (Difco), 2.0; dextrose, 1.0; sodium chloride, 5.0; and sodium bisulfite, as required (0 or 0.1). The pH of the medium was 6.9. Whole, unpasteurized milk was obtained from the University of Wisconsin-Madison milk processing facility. Milk used for these and the following studies had aerobic plate counts ranging from 4.2 x 104 to 8.1 x 104 CFU/ml as determined by standard methods (13) . Milk samples were assayed for C. jejuni by selective enrichment (5) before inoculation; none was positive. A series of 500-ml sidearm Erlenmeyer flasks, each containing 100 ml of BB or unpasteurized milk supplemented with 0 or 0.01% filter-sterilized sodium bisulfite, was inoculated with C. jejuni strain FRI 
RESULTS AND DISCUSSION
Three separate studies were done to identify C. jejuni survival-promoting treatments and ultimately to verify the usefulness of a practical transport and holding milieu for enhancing survival and recovery of the organism in unpasteurized milk.
Initially, four C. jejuni strains were tested for their ability to survive at 4°C in BB or unpasteurized milk with or without 0.01% sodium bisulfite in the presence of nitrogen or air (21% oxygen). To allow more uniform contact with the added gas and to keep the Campylobacter cells suspended, cultures were continuously shaken at 100 gyrations per min.
Similar results were obtained for all four strains (Table 1 , and Fig. 1 ). Cultures survived best in BB containing 0.01% sodium bisulfite and in an atmosphere of 100% nitrogen (bisulfite-nitrogen), with a decrease of <0.5 log10 CFU/ml occurring by day 20 for any of the strains. In contrast, in BB without sodium bisulfite and in an atmosphere of air, the four strains decreased by 1.4 to 2.8 logl0 CFU/ml by day 20.
Individual treatments of either 0.01% sodium bisulfite or 100% nitrogen had intermediate effects on survival response, with survival being consistently better in bisulfite-free BB in a 100% nitrogen atmosphere than in BB containing 0.01% sodium bisulfite and held in air. A discussion of the survivalpromoting effects of bisulfite and nitrogen on C. jejuni has been presented previously (12) .
Given identical treatments, C. jejuni died substantially more rapidly in unpasteurized milk than in BB, as illustrated by the results with strain 145B (Fig. 1) . As with BB, survival was greatest in raw milk given the bisulfite-nitrogen treatment. Using this treatment combination increased the survival of the organism and recovery from milk by more than 10 days for three (and probably all four) of the strains tested. In contrast to the survival response that occurred in BB, adding 0.01% sodium bisulfite to milk had a greater survivalpromoting effect than did replacing the atmosphere with 100% nitrogen. Additionally, although adding bisulfite to milk substantially enhanced the survival of Campylobqcter, the organism survived much longer in BB with or without bisulfite than in bisulfite-treated sterile skim milk (data not shown). These results indicate that either (i) other components of BB, in addition to bisulfite, promote the survival of the organism or (ii) milk contains some heat-stable factor(s) that is harmful to the organism.
A second study was done to determine the fate of Campylobacuter in unpasteurized milk treated with survival-promoting supplements and held under conditions that may practically be used by a hauler sampling milk from bulk coolers at individual farms. Milk samples were added to Whirl-Pak bags and supplemented with or without 0.01% sodium bisulfite or 0.15% sodium thioglycolate or both. Samples were then held at 4°C without agitation in an air or nitrogen atmosphere. The results with strain 142B exemplify the response of Campylobacter to the different treatments (Fig.  2) .
In all instances, the greatest survival occurred in milk given the bisulfite-nitrogen treatment (Table 2 and Fig. 2 ). All 12 strains were recovered for at least 27 days from milk receiving this treatment, whereas Campylobacter strains in unsupplemented milk specimens held in air were no longer recoverable at 9 to 24 days (average, 15 days) of storage.
Because of difficulties that milk haulers as well as testing laboratories may encounter in maintaining samples in a nitrogen atmosphere, an oxygen scavenger, 0.15% sodium thioglycolate, was included as a supplement in lieu of nitrogen. The combination of bisulfite and thioglycolate (bisulfite-thioglycolate) was slightly less effective than the bisulfite-nitrogen combination in maintaining long-term survival in milk; however, if specimens were assayed within 12 days after sampling, qualitative isolation rates of Campylobacter from milks given either treatment combination were 18 whereas all except strain 222 were isolated at 18 days from milk samples supplemented with bisulfite-thioglycolate. 8 .4 x 10 Additionally, since milk from the same lot was used for this 15-strain study, these results can be compared to identify strain differences relative to their survival in unpas-1.5 x 102 teurized milk. Accounting for variation in the initial number of Campylobacter organisms added to the milk, large differ-<10 (day 13) ences were observed among the strains in their ability to 2.5 x 102 survive over time. Strain 222 was most sensitive in unsupplemented milk exposed to air, resulting in a reduction of >6 <10 (day 15) loglO CFU/ml within 9 days, whereas a more tolerant strain, 3 .7 x 102 228, had only a 5-logl( CFU/ml reduction at 18 days when held under the same conditions. 1.1 x 102
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